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Abstract
Common-path Digital Holographic Microscopy (CP-DHM) is a new technique which can physically compensate the phase 
curvature introduced by the microscope objective. We designed a compact CP-DHM system for quantitative phase measurement 
of transparant microscopic samples. The system incorporates a special fiber-connected condenser system which makes 
adjustment easy when using different microscope objectives. We present the results for the system calibration and analysis of a
micro-lens array to demonstrate the performance of the system.
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Micro-optics plays an important role in industry, military and scientific research with many advantages like small 
size, light weight and easy integration. It has a great market in micro-optics quantitative measurement. Digital 
holographic microscopy (DHM) [1] is a good method for quantitative measurement of those phase objects.
Nevertheless, it can provide a phase curvature introduced by microscope objective (MO). Common-path digital 
holographic microscopy (CP-DHM) [2] is a new holographic technique which can physically compensate the phase 
curvature [3].
In this Letter, we designed a compact CP-DHM system using MO to measure phase objects. It incorporates a 
special fiber-connected condenser in order to match different numerical aperture MO. We calibrated the system, 
such as field of view, magnification, lateral resolution and maximum of object width. A phase object measuring 
results was presented and compared with its factory parameters.
2. Principle of CP-DHM and Fiber-connected condenser
CP-DHM uses a single beam splitter [4] to split and combine a diverging spherical wavefront emerging from the 
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microscope objective. As show in the Fig.1, the light is splitted into two waves by the beam splitter. Left beam 
transmits through the tested sample, then refracts by the beam splitter, finally arrives at the CCD plant after reflected 
by the central semi-reflection layer of the beam splitter. Right beam transmits through the reference plane, then also 
refracts by the beam splitter and arrives at the CCD plant after the refracted by the central semi-reflection layer of 
WKHEHDPVSOLWWHU,IZHLQWURGXFHDVPDOODQJOHșEHWZHHQWKHOLJKWSURSDJDWLRQGirect and the central semi-reflecting 
layer, the left beam and the right beam will produce interference fringes at the CCD plant. Because the left beam 
travels has same distance with the right beam, so their spherical phase curvature is physically compensated  during 
interference.
Fig.1. Schematic of the Common-path digital holographic microscope.
In this system, we use a MO to magnify the micro test sample which is illuminated by a fiber laser. So the lateral 
resolution will be influenced by the numerical aperture of MO and illumination condenser. If the illumination 
condenser numerical aperture is too large than microscope objective numerical aperture, it will degrades the 
sharpness of image. Contrariwise, it cannot get the best lateral resolution. It will be best match when the numerical 
aperture of condenser is same as the numerical aperture of microscope objective. Because the numerical aperture of 
fiber is very small, so we design a fiber-connected condenser in order to adapter for different microscope objective. 
As show Fig.2, a big uniform collimation beam is obtained by a combination lens. Then it illumines the test sample 
after transmitting a diaphragm and a focusing lens. The numerical aperture of this fiber-connected condenser can be 
adjusted from 0 to 1.0 which is suited to most of the microscope objective.
Fig.2. Basic configuration for fiber-connected condenser
3. Calibration of system
The CP-DHM system is calibrated before quantitative measurement. It is using a ×40 Olympus microscope 
objective. The wavelength of the light is 633nm. The holography image is recorded by a 1280×960 pixels Imaging 
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Source CCD camera and every pixel is 4.65μm ×4.65μm.
A 1mm length standard micrometer scale, which minimal units is 10μm, is tested the system magnification and 
field of view. Fig.3 shows the reconstructed intensity image. We can calculate the magnification of the system is 
about ×26, the field of view is 240μm ×172μm.
Fig.3. Reconstructed intensity image of standard micrometer scale
(a) length of view; (b) width of view 
Then a 1951 USAF standard target is been used for testing the system lateral resolution. As shown in Fig.4, we 
can resolve group 9, element 3 of this target. According the 1951 USAF resolution test chart, the number of line 
pairs is 645lp/mm, so the resolution is 1.55μm.
Fig.4. Reconstructed intensity image of 1951 USAF standard target
The structure of the CP-DHM system determines that the width of test sample cannot be too big. Because the 
reference beam should not have any object. We use the standard micrometer scale to test the maximum width which 
can be measured in this setup. Firstly, the original position is determined by moving the standard micrometer scale 
from the left side to right side until it appears at the object beam view. Then continue moving the scale until it 
appears at the reference beam view. The displacement distance is the maximum width of object which can be 
measured. In this setup, the maximum width is 365μm.
Table.1 shows the system performance.
Table.1. System performance
Field of view 
ȝP
Lateral resolution 
ȝP Magnification
Maximum width of 
REMHFWȝP
CP-DHM ×40 240×172 1.55 ×26 365
4. Quantity measurement of micro-lens array
A micro-lens array, which lens pitch is 127μm, radius of curvature (ROC) is 315μm, refractive index is 1.457
and numerical aperture (NA) is 0.09, is measured by the calibrated CP-DHM. The measuring results show in Fig.5.
Fig.5 (a) presents the hologram recorded by a 1280×960 pixels Imaging Source CCD camera. Fig.5 (b) presents the 
unwrapped phase image reconstructed by convolution algorithm. Fig.5 (c) presents the three-dimensional image of 
micro-lens array. Valuable measuring results can be extracted from the profile of the lens, as can be seen in Fig.5 (d) 
which takes from the middle section of Fig.5 (b).
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Fig.5. Micro-lens array measurement
(a) digital hologram; (b) unwrapped phase; (c) 3D profile; (d) height profile
From Fig.5 (d) the lens diameter is 122μm, height is 5.838μm and pitch is 127μm. The ROC and NA can be 
calculated according to Eq.1 and Eq.2.
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Where a is the measured radio of lens, h is the height, 1n is the micro-lens array refractive index, 0n is the air 
refractive index, and k is conic constant of lens profiles, it is 0 in this spherical lens. 
From Eq.1 and Eq.2, the measured ROC is 316.4μm and the NA is 0.088. The results are similar with the original 
factory parameters.
5. Conclusion
CP-DHM used an adjustable fiber-connected condenser is designed for matching the different numerical aperture 
microscope objective. We use it to measure a micro-lens array after calibration. Contrasting the parameters of the 
measurement with the original factory, which appear on good agreement, shows that the system can well measure 
phase object.
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